Genetic and taxonomic distances were computed for 3466 samples of human populations in Europe based on 97 allele frequencies and 10 cranial variables. Since the actual samples employed differed among the genetic systems studied, the genetic distances were computed separately for each system, as were matrices of geographic distances and of linguistic distances based on membership in the same language family or phylum. Significant matrix correlations between genetics and geography were found for the majority of systems; somewhat less frequent are significant correlations between genetics and language. The effects of the two factors can be separated by means of partial matrix correlations.
A continuing problem in population biology is to estimate and explain genetic differences among the populations constituting a species. Such differences are generally measured as genetic distances (1) (2) (3) . At the level of local populations, random differentiation has generally been invoked as a null model for explaining the observed differences among sampling units. Such differentiation is due to sampling errors from gene pools of limited size (genetic drift; see refs. 2, 4) and to the limited mobility of individuals within the area of study (isolation by distance; see refs. 2, 5, 6) . Models have been proposed that explain the amount of differentiation in terms of distance among sampling units (7) (8) (9) . Microevolutionary forces that complicate the realization of a straightforward spatial differentiation model are selection and directed migration (as distinct from the random dispersal of individuals underlying the isolation-by-distance model).
When genetic variation is studied on a continental scale, as in the present paper, another factor-history-may be responsible for some of the variation. Populations that differentiated elsewhere may undertake long-range directed migration and settle in a part of the area under study, displacing or genetically absorbing the previous residents. Such a process disturbs what might otherwise be a simple relation between genetic and geographic distance. In humans, we have evidence from historical sources that such migrations have indeed taken place. Some are well known; others are inferred with greater or lesser certainty from archeological and prehistorical information. In animal and plant populations, such occurrences may be far more difficult to detect. It is of interest, therefore, to examine genetic differences in humans, where some estimate of the relative time of separation of the populations concerned can be made through an estimation of linguistic distances.
Thejustification for using language to detect relative time of separation is the customary simplifying assumption that a common language frequently signifies a common origin and a related language indicates a common origin further back in time. Such commonality of origin should be reflected by genetic relationship, despite several complicating factors. One of these is the well-documented, repeated genetic and linguistic assimilation of disparate ethnic elements within a named ethnic group of migrants, making immigrant populations genetically heterogeneous. A second factor is that, even when immigrant populations were supposedly homogeneous, these rarely settled in unoccupied areas in Europe, but frequently absorbed the native populations of their settlement area, the resulting population adopting the language of either the natives or the immigrants. Both of these occurrences tend to diminish genetic-linguistic correspondence. However, since language differences themselves are likely to be barriers to free gene flow, they will enhance genetic differentiation, counteracting the earlier two forces to some extent. This paper describes the relations of genetic distances based on separate genetic systems in European populations to geographic distances of the populations studied and to linguistic distances based on language family affiliations. Correlations between such distances cannot be tested in conventional ways, because of the lack of independence of the elements of the distance matrices and also because these distance matrices are based on spatially autocorrelated variables (10) (11) (12) (13) . Such data require special methods of analysis treated in ref.
14. The investigation was, therefore, carried out by computing correlations between these matrices using the normalized Mantel statistic, following the method of Smouse et al. (15) . Three pairwise correlations between genetics, geography, and language, as well as partial correlations between genetics and geography, language kept constant, and between genetics and language, geography kept constant, were computed. (19) . The distribution of samples over the continent of Europe (pooled for the different systems) is shown in Fig. 1 .
Since the numbers of localities and the actual samples employed differ among the systems studied, genetic distances between all pairs of localities were computed separately for each system. Trial computations of genetic distances D1 through D5 featured in ref. 
For the cranial variables taxonomic distances (22) were computed. The separate distance matrices computed for the 27 systems differ in dimension from the very large 870 x 870 matrix for ABO (system 1.1) to the 33 x 33 matrix for Lu.
Geographic distances were computed as great-circle distances from the geographic coordinates of the locality samples, separately for each set of samples comprising one system. Earlier trial computations had shown that greatcircle distances invariably yielded higher correlations with the genetic and linguistic distances than did inverse-squared geographic distances.
The European populations studied fall into 5 language phyla and 12 language families (23) . The families are listed below, preceded by their phyla (in capitals). INDO-EUROPEAN: Albanian, Baltic, Celtic, Germanic, Greek, Romance, Slavic; FINNO-UGRIC: Finnic, Ugric (Hungarian); ALTAIC: Turkic; AFRO-ASIATIC: Semitic (Maltese); BASQUE: Basque. Language family boundaries were obtained by consulting a number of sources (24) (25) (26) (27) (28) (29) 31) . Sample localities close to language boundaries were investigated carefully to ascertain the language actually spoken.
Corresponding to the set of locality samples comprising one system, a linguistic distance matrix was constructed, which indicates the distances between all pairs of samples sharing the same language family as 0, distances between samples from the same language phylum but different language families as 1, and distances between samples from different language phyla as 2. Previous experience with more refined distances based on estimated times of separation had not shown appreciably different results from the trinary distances employed here (32) .
The comparison of the distance matrices was carried out by the Mantel procedure (33, 34), a quadratic assignment method (14 Only 16 of the 27 correlations between the genetic distances and the corresponding linguistic distances are significant at P < 0.05. Of the five systems with nonsignificant correlations between genetics and geography, four (all but P) also lack significance between genetics and language.
The correlations between geography and language are all highly significant, as would be expected. Nearby popula- The partial correlations of genetics with geography, language kept constant, and of genetics with language, geography kept constant, substantially reflect the values of the corresponding pairwise correlations, although fewer (17 and 11, respectively) are significant. No partial correlation is significant for any system that was not also significant as a pairwise correlation.
To obtain an overall probability for rejection of the null hypothesis of no significant correlation, I applied Fisher's test for combining probabilities to the probabilities associated with the correlation coefficients of the columns of Table  1 . First, I reduced the number of systems from 27 to 24, by computing Bonferroni probabilities for pooled estimates of the pairs of ABO, Rh haplotype, and K (Kell) systems that, obviously, are not independent of each other (for methods see ref. 39) . For the correlation between genetics and geography, x2 = 392.757; df = 48; P << 0.001. A comparable finding was obtained for the correlations between genetics and language (X2 = 294.701; P << 0.001). For the two columns of partial correlations (genetics and geography, language kept constant, and genetics and language, geography kept constant), highly significant overall probabilities were again obtained (X2 = 312.397 and 198.867; P << 0.001). Thus, there is little doubt that on the whole, both partial correlations are greater than zero in these data.
Do geographic distances or linguistic distances show higher partial correlations with genetic distances? Of the 27 systems, 17 show higher partial correlations for genetics and geography, language kept constant, than for genetics and language, geography kept constant. The remaining 10 systems show the reverse relationship. Applying a sign test to these comparisons, the preponderance of higher partial correlations of genetics with geography is not significant. Because these correlations are based on distance matrices, it is not possible to apply conventional significance tests to the difference of the partial correlations. However, from mere inspection of the values, it is obvious that there is significant heterogeneity in these data so that for some systems, genetics and geography are more closely related, whereas for other systems, genetics and language have the higher value.
The differential effects of geography and language can be addressed directly by the technique of Dow and Cheverud (37) (37, (40) (41) (42) (43) (44) (45) (46) (47) range in scale from a very small 9 km (42) (37, 43) , but neither difference has been shown to be significant. In fact, no difference between the effects of language and geography on overall phenetic distances has been shown to be significant in any other study. Only in this paper are there significant differences established between the effects of geography and language for specific systems.
The extent of the correlation between language distances and geographic distances ranges widely for different studies from a low of 0.115 for Kenyan tribes (differentiated elsewhere and relatively recently situated at their present locations; ref. 43) , to highs of 0.773 and 0.7% for the Yanomama Amerindians (40) and the Solomon Islanders (41), respectively. In European samples studied at three successive 500-year intervals, the correlation increased with time from 0.147 in the Early Middle Ages to 0.351 in modem times (44) .
In summary, these results clearly demonstrate that speakers of different language families in Europe differ genetically and that this difference remains even after allowing for geographic differentiation. There is a strong suggestion that the effect of geographic differentiation on genetic structure may be greater than that of linguistic differentiation, but this trend cannot be unequivocally confirmed. 
